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(57) ABSTRACT 
A liquid crystal device comprises two electrode plates 
and a liquid crystal such as a ferroelectric smectic liquid 
crystal disposed between the electrode plates. At least 
one electrode plate is provided with a uniaxial orienta 
tion treatment. At least one electrode plate comprises a 
substrate and transparent stripe electrodes and metal 
electrodes each disposed along the length of and electri 
cally connected with a transparent stripe electrode 
formed on a substrate. Each metal electrode is disposed 
along and forms a protrusion sticking out of at least one 
longitudinal edge of a transparent stripe electrode. 

20 Claims, 2 Drawing Sheets 

  



Sheet 1 of 2 5,000,545 Mar. 19, 1991 U.S. Patent 

No.>§SSSR--\ 1)S) SOESOES?STS 
A F G. 

B F G. 

  

  



U.S. Patent Mar. 19, 1991 Sheet 2 of 2 5,000,545 

24A 2A 3A -2 

- A 
A 
22A 

  



5,000,545 

LIQUID CRYSTAL DEVICE WITH METAL 
ELECTRODE PARTIALLY OVERLYING 

TRANSPARENT ELECTRODE 

This application is a continuation of application Ser. 
NO. 199,298, filed May 26, 1988 and now abandoned. 
FIELD OF THE INVENTION AND RELATED 

ART 

The present invention relates to a liquid crystal dis 
play panel of a large area (e.g., A-5 size or larger ac 
cording to JIS (Japanese Industrial Standards)), particu 
larly a liquid crystal display panel of a large area using 
ferroelectric smectic liquid crystal. 

Hitherto, only transparent electrodes arranged in the 
form of stripes on a substrate have been generally used 
as an electrode arrangement, in a liquid crystal display 
devices, particularly a simple dot matrix-type liquid 
crystal display device. 
When such electrodes are used in a liquid crystal 

display device of a large area and a high degree of 
fineness, however, the length of a stripe electrode in the 
longitudinal direction becomes large to result in a large 
electrode resistance, which leads to several driving 
problems, such as delay of signals and deformation of 
driving signal waveforms. For this reason, a metal elec 
trode of a metal with a relatively small resistivity such 
as Al has been additionally used. 
Such a metal electrode has been disposed along and 

electrically connected with the length of a transparent 
stripe electrode by vapor-depositing a metal film over 
transparent stripe electrodes formed on a substrate and 
subjecting the metal film to photolithography-etching 
treatment to form thin or narrow metal electrodes each 
along a transparent stripe electrode. 
The narrow metal electrode thus formed by an ordi 

nary photolithography-etching treatment has actually 
assumed not a form as shown in FIG. 4 disposed along 
the longitudinal edge of a transparent electrode but a 
form as shown in FIG. 5. 
More specifically, according to the structure shown 

in FIG. 4, the edge 2a of a transparent stripe electrode 
2 conforms to the edge 3a of a narrow metal electrode 
3. Actually, however, a minute pixel portion A has been 
formed by an edge portion 2a of a transparent stripe 
electrode in addition to a main pixel portion Pas shown 
in FIG. 5. The minute pixel portion A is formed by a 
distanced on the order of 2-8 um between the edge 2a 
of the transparent stripe electrode 2 and the edge 3a of 
the narrow metal electrode 3. 

Incidentally, in order to form a monodomain of a 
ferroelectric smectic liquid crystal, a uniaxial orienta 
tion treatment such as rubbing is suitable. Such a uniax 
ial orientation treatment is disclosed in U.S. Pat. No. 
4,639,089, etc. 

However, it has been found that a rubbing treatment, 
particularly a rubbing treatment effected in the direc 
tion forming an angle of 90 with respect to the length 
wise extension of a transparent stripe electrode 2, results 
in a difference in orientation state or performance be 
tween the main pixel portion P and the minute pixel 
portion A where two steps are formed by the edge 2a of 
a transparent stripe electrode 2 and the edge 3a of a 
narrow metal electrode in response to the rubbing Thus, 
the monodomain formation characteristic at the minute 
pixel portion A is poorer than that at the main pixel 
portion P, so that the threshold responsive characteris 
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2 
tic at the minute pixel portion A is liable to be slower 
than that at the main pixel portion P. This leads to a 
problem of after image in the case of a motion picture or 
scrolling as the electrooptical response at the minute 
pixel portion A can be recognized to a viewer if the 
breadth d of the minute pixel portion A is 3 um or 
wider. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the 
above-mentioned problems, particularly a ferroelectric 
smectic liquid crystal device having solved a problem 
of after image at the time of motion picture display or 
smooth scrolling display of character images. 
According to the present invention, there is provided 

a liquid crystal device comprising two electrode plates, 
at least one of which is provided with a uniaxial orienta 
tion treatment, at least one of the two electrode plates 
comprising a substrate and transparent stripe electrodes 
and metal electrodes each disposed electrically con 
nected with and along the length of a transparent stripe 
electrode on the substrate; the improvement wherein 
each of the metal electrode is disposed along and forms 
a protrusion sticking out of at least one longitudinal 
edge of a transparent stripe electrode. 
These and other objects, features and advantages of 

the present invention will become more apparent upon 
a consideration of the following description of the pre 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a plan view of an electrode plate used in 
the present invention, FIG. 1B is a sectional view taken 
along the line A-A in FIG. 1A; 
FIG. 2 is a sectional view of a liquid crystal device 

according to the present invention; 
FIG. 3 is a sectional view of another electrode plate 

used in the present invention; and 
FIGS. 4 and 5 are sectional views of electrode plates 

outside the present invention. 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

FIGS. 1A and 1B are a plan view and a sectional 
view of an electrode plate in an embodiment of the 
liquid crystal device according to the present invention. 
Referring to FIGS. 1A and 1B, an electrode plate 11 
comprises a substrate formed of glass or plastic, trans 
parent stripe electrodes 2 having edges 2a and narrow 
metal electrodes 3 each disposed along and having a 
protrusion 5 sticking out of an edge 2a of a transparent 
stripe electrode 2. 
The edge 5a of a protrusion 5 is disposed at a position 

free of electrical contact with a neighboring transparent 
stripe electrode 2, and the protrusion 5 has a width of 
generally 3-10 um, preferably 5-7 um. The narrow 
metal electrode 3 may preferably have a width of about 
5-20 um and a thickness of about 500-5000 A. A trans 
parent stripe electrode 2 and a narrow metal electrode 3 
forms a lapping portion M having a width of about 
0.5-10 um, preferably about 1-5 um. A smaller lapping 
width can provide a larger aperture ratio. The transpar 
ent stripe electrode may comprise a film of SnO2, In2O3 
or In2O3/SnO2 (= ITO, indium-tin-oxide). The narrow 
metal electrode 3 may comprise a film of a metal, such 
as aluminum, molybdenum, chromium, titanium and 
tungsten or an alloy of these metals such as Ni-Cr. 
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The electrode plate 11 is coated further with an align 
ment control film (not shown) for controlling the align 
ment state of a ferroelectric smectic liquid crystal. The 
alignment control film has been provided with a uniax 
ial orientation treatment, such as rubbing, oblique vapor 
deposition or oblique etching. The alignment control 
film may be formed of at least one species of an organic 
resin, such as polyimide, polyamide-imide, polyester 
imide, polyether-imide, polyamide, polyvinyl alcohol, 
polyethylene and polyester. Such an alignment control 
film may beformed in a thickness of 50 A-5000 A pref. 
erably 100 A-2000 A. 

Further, in a preferred embodiment of the present 
invention, the electrode plate 11 is first coated with an 
insulating film of an inorganic insulating material, such 
as SiO, SiO2 and TiO2 and then with an alignment con 
trol film of an organic resin film as described above. 
The insulating film may be formed in a thickness of 500 
A-5000 A, preferably 1000 A-2000 A. 
FIG. 2 is a sectional view of a ferroelectric smectic 

liquid crystal device 21 incorporating a pair of electrode 
plates 11 (upper side: 11A, lower side 11B) as described 
above. 
The electrode plates 11A and 11B respectively com 

prise substrates 1A and 1B coated with transparent 
stripe electrodes 2A and 2B, narrow metal electrodes 
3A and 3B, and alignment control films 22A and 22B, 
respectively. The transparent stripe electrodes 2A and 
2B are disposed to intersect each other at an angle of 
90'. The alignment control films 22A and 22B formed 
on the two substrates are provided with uniaxial orien 
tation axes 25A and 25B in mutually reverse parallel 
directions as indicated by arrows 25A and 25B and in 
parallel with the extension of the longitudinal edges of 
the transparent stripe electrodes 2B. 

In this instance, the uniaxial orientation axis imparted 
to the upper electrode plate 11A intersect with the 
longitudinal edges of the transparent stripe electrodes 
2A at an angle of 90, but the transparent stripe elec 
trodes 2A are free of minute pixel portions as mentioned 
above, so that the problem of after image at the time of 
display is not caused. 
A ferroelectric smectic liquid crystal 23 is disposed 

between the electrode plates 11A and 11B of the ferro 
electric smectic liquid crystal device 21. The ferroelec 
tric smectic liquid crystal 23 may for example be se 
lected from those disclosed in U.S. Pat. Nos. 4561726; 
4589996; 4592858; 4596667; 4613209; 4614609; 4638073; 
and 4725688. By setting the spacing between the elec 
trode plates 11A and 11B to be sufficiently small as 
disclosed by U.S. Pat. No. 4367924, etc., the formation 
of the helical alignment structure of the ferroelectric 
smectic liquid crystal is suppressed, thereby to provide 
bistability. 
The above-mentioned ferroelectric smectic liquid 

crystal 23 provides an electro-optical response. In this 
instance, polarizers 24A and 24B disposed in cross ni 
cols or parallel nicols may be used as an optical detec 
tion means. 
FIG. 3 is a sectional view of another electrode plate 

31 used in the present invention wherein like parts are 
denoted by like reference numerals as in FIG. 1. The 
electrode plate 31 shown in FIG.3 may be prepared by 
forming an insulating film 4 of SiO, SiO2, TiO2, etc., for 
example, by vapor deposition, coating the insulating 
film except for portions thereof providing through 
holes 32 with a photoresist mask, subjecting the coating 
films to plasma etching to form through holes, and then 
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4 
further coating thereon a metal film by vapor deposition 
of a metal, followed by etching to form narrow metal 
electrodes electrically connected with the transparent 
stripe electrodes 2 and having projection 5. The narrow 
metal electrode 3 is disposed to cover a spacing between 
an adjacent pair of transparent stripe electrodes 2 so 
that it also shows the effect of a black stripe line. 

Hereinbelow, the present invention will be explained 
in more detail based on specific examples. 

EXAMPLE 

A glass substrate measuring 320 mm x 300 mm was 
coated with a 1000 A-thick ITO film which was then 
patterned by photolithography to form a pattern of ITO 
stripe electrodes at a pitch of 305 um and a line breadth 
of 255um on a whole surface. Then, a 2000 A-thick Al 
film was formed thereon and patterned into narrow 
metal electrodes 3 as shown in FIGS. 1A and 1B at a 
pitch of 305 um and with a line breadth of 12 um includ 
ing a lapping breadth of 6 um. The alignment error at 
this time was th:4 um. The electrode plate thus prepared 
was further coated with a 0.1 um-thick SiO2 film by 
vapor deposition and then with a 100 A-thick polyimide 
film formed by applying a 5 wt. % solution in N 
methylpyrrolidone of a polyamic acid (dehydroconden 
sation product of pyromellitic acid dianhydride and 
4,4'-diaminodiphenyl ether) followed by heating at a 
temperature above 250° C. 
Two electrode plates were prepared and treated in 

the above-described manner. One electrode plate was 
rubbed in the direction of the longitudinal edges of the 
transparent stripe electrodes (in the direction of the 
arrow 25B in FIG. 2). The other electrode plate was 
rubbed in the direction intersecting the longitudinal 
edges of the transparent stripe electrodes at an angle of 
90 (in the direction of the arrow 25A in FIG. 2). 
The two electrode plates were superposed on each 

other so that their extension directions of the longitudi 
nal edges of the transparent stripe electrodes crossed 
each other at an angle of 90' and a gap of 1.5 um was 
held between the two electrode plates by disposing 
SiO2 beads with an average diameter of 1.5 um to pre 
pare a blank cell. A ferroelectric smectic liquid crystal 
"CS-1017" (trade name, available from Chisso K.K.) in 
isotropic phase was charged into the cell and gradually 
cooled at a rate of 0.5 C./hr successively from iso 
tropic phase, through choleteric phase and smectic A 
phase into chiral smectic C phase to prepare a bistable 
ferroelectric smectic liquid crystal device. 
The liquid crystal device was observed through a 

polarizing microscope at a magnification of 500, 
whereby a monodomain of a chiral smectic phase with 
its helical structure having been released was observed. 

Further, the liquid crystal device was connected with 
a nultiplex driving apparatus and subjected to scrolling 
display of a character image, whereby no after image 
was observed. 

COMPARATIVE EXAMPLE 

A ferroelectric smectic liquid crystal device for com 
parison was prepared in the same manner as in Example 
l except that two electrodes were prepared in the fol 
lowing manner. 
A glass substrate measuring 320 mm x 300 mm was 

coated with a 1000 A-thick ITO film which was then 
patterned by photolithography to form a pattern of ITO 
stripe electrodes at a pitch of 305 um and with a line 
breadth of 285 um on a whole surface. Then, a 2000 
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A-thick Al film was formed thereon and patterned by 
photolithography-etching so as to provide a structure as 
shown in FIG. 4 wherein narrow metal electrodes 3 
were intended to be formed at a pitch of 305um and 
with a line breadth of 12 um giving the lapping breadth 
of 12 um (i.e. intended so that the longitudinal edges of 
each ITO electrode and each Al electrode were aligned 
with each other) As a result, an alignment error of -4. 
um occurred, whereby minute pixel portions A having 
a breadth of 4 um at the maximum as shown in FIG. 5 
were actually formed. 
The liquid crystal device for comparison thus pre 

pared was evaluated in the same manner as in Example 
1, whereby different domains were observed at main 
pixel portions and minute pixel portions and noticeable 
after image was observed during scrolling display of a 
character image. 
As described above, according to the present inven 

tion, there is provided a liquid crystal device which 
does not cause after image during motion picture dis 
play or smooth scrolling display of character images 
and provides a picture of a high luminance based on an 
increase in aperture rate on a screen. 
What is claimed is: 
1. A liquid crystal device, comprising: 
two electrode plates and a ferroelectric liquid crystal 

disposed between the two electrode plates, at least 
one of the two electrode plates being provided 
with a uniaxial orientation treatment, at least one of 
the two electrode plates comprising a substrate and 
transparent stripe electrodes and metal electrodes 
each disposed electrically connected with and 
along the length of a transparent stripe electrode 
on the substrate; wherein each of the metal elec 
trodes is formed in a smaller width than an associ 
ated transparent stripe electrode and is so disposed 
that one longitudinal edge thereof overlie a part of 
and lie along the longitudinal direction of the asso 
ciated transparent stripe electrode and the other 
longitudinal edge thereof is disposed between the 
associated transparent stripe electrode and a neigh 
boring transparent stripe electrode. 

2. A liquid crystal device according to claim 1, 
wherein at least one electrode plate has thereon an 
organic resin film which is provided with the uniaxial 
orientation treatment. 

3. A liquid crystal device according to claim 2, 
wherein said organic resin film is formed on an insulat 
ing film. 

4. A liquid crystal device according to claim 2 or 3, 
wherein said organic resin film is formed of at least one 
resin Selected from the group consisting of polyimide, 
polyvinyl alcohol, polyamide, polyethylene and polyes 
te. 

5. A liquid crystal device according to claim 4, 
wherein said polyimide is polyimide-imide, polyester 
imide, polyamide-imide, or polyether imide 

6. A liquid crystal device according to claim 3, 
wherein said insulating film is an inorganic insulating 
film. 

7. A liquid crystal device according to claim 6, 
wherein said inorganic insulating film comprises SiO, 
SiO2 or TiO2. 

8. A liquid crystal device according to claim 1, 
wherein said metal electrodes comprise a film of a men 
ber selected from the group consisting of aluminum, 
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6 
molybdenum, chromium, tungsten, titanium, and alloys 
thereof. 

9. A liquid crystal device according to claim 1, 
wherein said uniaxial orientation treatment is provided 
to at least one electrode plate having thereon the trans 
parent Stripe electrodes and metal electrodes, and the 
axis thereof is formed in a direction intersecting the 
longitudinal direction of the transparent stripe elec 
trodes. 

10. A liquid crystal device, comprising: two electrode 
plates and a liquid crystal disposed between the two 
electrode plates, at least one of the two electrode plates 
being provided with a uniaxial orientation treatment, at 
least one of the two electrode plates comprising a sub 
strate and transparent stripe electrodes and metal elec 
trodes each disposed electrically connected with and 
along the length of a transparent stripe electrode on the 
substrate; wherein an insulating film is formed on the 
transparent stripe electrodes, and at least one of the 
metal electrodes is disposed to overlie a space between 
an adjacent pair of the transparent stripe electrodes by 
the medium of the insulating film and is electrically 
connected with one of the adjacent pair of the transpar 
ent stripe electrodes through a through hole formed in 
the insulating film. 

11. A liquid crystal device according to claim 10, 
wherein at least one electrode plate has thereon an 
organic resin film which is provided with the uniaxial 
orientation treatment. 

12. A liquid crystal device according to claim 11, 
wherein said organic resin film is formed on the insulat 
ing film. 

13. A liquid crystal device according to claim 12, 
wherein said insulating film is an inorganic insulating 
film. 

14. A liquid crystal device according to claim 13, 
wherein said inorganic insulating film comprises SiO, 
SiO2 or TiO2. 

15. A liquid crystal device according to claim 11, 
wherein said organic resin film is formed of at least one 
resin selected for the group consisting of polyimide, 
polyvinyl alcohol, polyamide, polyethylene and polyes 
ter, 

16. A liquid crystal device according to claim 15, 
wherein said polyimide is polyimide-imide, polyester 
imide, polyamide-imide, or polyether imide. 

17. A liquid crystal device according to claim 10, 
wherein said metal electrodes comprise a film of a mem 
ber selected from the group consisting of aluminum, 
molybdenum, chromium, tungsten, titanium and alloys 
thereof. 

18. A liquid crystal device according to claim 10. 
wherein said uniaxial orientation treatment is provided 
to at least one electrode plate having thereon the trans 
parent stripe electrodes and metal electrodes, and the 
axis thereof is formed in a direction intersecting the 
longitudinal direction of the transparent stripe elec 
trodes. 

19. A liquid crystal device according to claim 10, 
wherein said liquid crystal is a ferroelectric smectic 
liquid crystal. 

20. A liquid crystal device according to claim 1, 
wherein said each of the metal electrodes comprises a 
portion overlying a part of the associated transparent 
stripe electrode in a width of 0.5 to 10 um from one 
longitudinal edge of the transparent stripe electrode and 
a portion sticking out a width of 3-10 un out of the one 
longitudinal edge of the transparent stripe electrode. 

k 
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